To investigate the impacts of transgenic rice on freshwater organisms, we conducted two life table experiments using Daphnia magna for fifteen and twenty days, respectively. We examined life history traits such as population growth rates (r), reproductive rates (R0), generation times, and survivorship. In the first experiment, we used non-drought-stressed transgenic and non-transgenic rice harvested in 2005. In the second study, we used non-transgenic and transgenic rice harvested in 2006 following drought stress. Each experiment involved three treatments in which D. magna neonates were fed with Selenastrum capricornutum (control treatment) and S. capricornutum with 5% aqueous extracts of non-transgenic rice (N-T) and transgenic rice (T). In the first experiment, D. magna showed reduced population growth rates and lowered fecundity in the N-T and T treatments. In the second experiment, D. magna receiving both transgenic and non-transgenic rice extracts showed very high mortality, low population growth rates and reproduction rates. We could not detect any significant negative effects of extracts from transgenic rice on D. magna life history traits at 95%.
INTRODUCTION
Large areas of natural wetlands have been converted for other land uses such as urban development in South Korea. Therefore, rice paddy fields have become important temporary wetlands, occupying approximately 10% of the total area of South Korea. Rice fields also play important roles in global biogeochemistry exchanging significant amounts of carbon dioxide, methane and nitrous oxide (Kanno et al. 1997 , Tsuruta et al. 1997 , Kimura et al. 2004 . Recently, many transgenic crops have been introduced to agro-ecosystems all over the world (Nap et al. 2003) . Transgenic crops can affect agro-ecosystems directly or indirectly through gene flow, invasions and food web changes (Dale et al. 2002) .
Recently, we have been involved in risk assessment for a transgenic rice line that overexpresses a trehalose-6-phosphate synthase/ phosphates (TPSP) fusion gene, potentially resulting in superior tolerance for a variety of abiotic stresses (Seo et al. 2000) . As unknown secondary metabolites of transgenic rice may affect aquatic food webs in rice paddy fields in addition to human health, it is necessary to develop protocols to detect impacts of transgenic rice on aquatic organisms (Park 2007). We conducted standard life table experiments using Daphnia magna to detect any negative impacts of TPSP rice on the life history traits, such as population growth rate, generation time and survivorship, of freshwater organisms. We selected D. magna as a model organism to assess the impacts of transgenic rice on aquatic food webs, since Daphnia plays a central role in aquatic food webs (Weisse and Stockner 1993, Gaedke and Straile 1998) and has been used as a "standard" aquatic test species for toxicological research (Feldmannová 2006 , Martins et al. 2007 ).
Since toxicity from transgenic rice may not be easily detected by acute toxicity tests with short exposures, we chose to conduct chronic toxicity tests using D. magna. Life table experiments are among the most comprehensive chronic toxicity tests (Tanaka and Nakanishi 2001), and can examine the effects of toxic substances on life history traits such as survivorship, reproduction rates, and population growth rates over several generations. In this study, we conducted life table experiments to examine the effects of chronic exposure to transgenic rice extracts on life history traits of D. magna.
MATERIALS AND METHODS
We conducted two consecutive life table experiments to investigate the effects of exposure to transgenic rice on D. magna. The first experiment was conducted for 15 days (except for the control treatment, which was extended to 75 days) while the second experiment was conducted for 20 days. We obtained a strain of D. magna from the Han-River Environment Research Laboratory and maintained the organisms in a growth chamber at 26℃ with a 16:8 h light: dark cycle using L16 medium (Lindström 1982 ted neonates born within a 12-hour period for the experiment. We prepared aqueous extracts of dried and ground powder of Nakdong (non-transgenic) rice and ABC promoter TPSP (transgenic) rice using the extraction methods of Rice et al. (2005) . For the first experiment, we used rice harvested in October, 2005 that had not been exposed to drought stress. For the second experiment, we used drought-exposed rice harvested in October, 2006. We added 6 g of rice powder to 90 mL of distilled water in a 250 mL flask and shook the mixture at 4℃ for 24 hours. The extracted solution was then centrifuged at 100×g (3,000 rpm) for 10 minutes and filtered through 47 mm GF/C (Whatman) and 0.45 μm nitrocellulose (Millipore) filters. We conducted three experimental treatments in which 15 neonates of D. magna were treated with Selenastrum capricornutum (Control), S. capricornutum with a 5% aqueous extract from non-transgenic rice (N-T treatment), or S. capricornutum with a 5% aqueous extract from transgenic rice (T treatment). We chose 5% for the extract concentration because 5% was the highest concentration that did not significantly affect algal growth as a result of shading in preliminary experiments. Each day of the experiment, we fed S. capricornutum produced from a chemostat (final algal concentration: 0.5 mg C L -1 ) in a beaker with L16 (volume: 200 mL) to individual D. magna, checked their length, molting, and survivorship, and recorded the appearance of eggs and the number of neonates produced. D. magna growth experiments usually use 0.5 mg C L -1 above incipient limiting level (ILL) as a food concentration (Lampert 1987 , Park et al. 2002 . Survivorship was defined as common logarithm of the ratio of animals alive to the initial animal number on a given day. D. magna in the first experiment were transferred to fresh medium every three days (due to a limited supply of extracts) while in the second experiment they were transferred to fresh medium every day. We then estimated the population growth rates (r), reproductive rates (R0), generation time (Tc), molting number, and age at first reproduction (AFR). The intrinsic rate of population increase (r) for each treatment was estimated from reproductive rates (R0) and cohort generation time (Tc):
Where lx indicates the proportion of original cohort surviving to day x and mx indicates the mean number of offspring produced per survivor on day x. We used pseudo r values generated by jackknifing for standard errors and statistical comparisons of population growth rates (r) (Meyer et al. 1986 , Park et al. 2003 . All statistical analyses were performed with S-Plus 6 for Windows (Insightful Corp., USA).
RESULTS
In the first experiment, D. magna in the control treatment outlived those in the nontransgenic (N-T) treatment and transgenic (T) treatments by 60～64 days (Fig. 1) . We continued our observations of the D. magna in the control treatment to provide reference data for other life table experiments. The mean length of D. magna in the control treatment was 0.8 mm at 1 day old and length increased almost linearly until the 10 th day. The rate of length increase approached the maximum level of 4.4 mm by the 40 th day. Daphnia 
